This paper describes a pattern recognition method of Magnoliae flos based on a gas chromatographic/mass spectrometric (GC/MS) analysis of the essential oil components. The botanical drug is mainly comprised of the four magnolia species (M. denudata, M. biondii, M. kobus, and M. liliflora) in Korea, although some other species are also being dealt with the drug. The GC/MS separation of the volatile components, which was extracted by the simultaneous distillation and extraction (SDE), was performed on a carbowax column (supelcowax 10; 30 m × 0.25 mm × 0.25 µm) using temperature programming. Variance in the retention times for all peaks of interests was within RSD 2% for repeated analyses (n = 9). Of the 74 essential oil components identified from the magnolia species, approximately 10 major components, which is α-pinene, β-pinene, sabinene, myrcene, d-limonene, eucarlyptol (1,8-cineol), γ-terpinene, p-cymene, linalool, α-terpineol, were commonly present in the four species. For statistical analysis, the original dataset was reduced to the 13 variables by Fisher criterion and factor analysis (FA). The essential oil patterns were processed by means of the multivariate statistical analysis including hierarchical cluster analysis (HCA), principal component analysis (PCA) and discriminant analysis (DA). All samples were divided into four groups with three principal components by PCA and according to the plant origins by HCA. Thirty-three samples (23 training sets and 10 test samples to be assessed) were correctly classified into the four groups predicted by PCA. This method would provide a practical strategy for assessing the authenticity or quality of the well-known herbal drug, Magnoliae flos.
Introduction
Magnoliae flos (M. flos: the dried flower buds of Magnolia denudata or related species) is a botanical drug officially listed in the Pharmacopoeia of Asian countries. The drug name is called as Shin-Yi in Korea and Japan, Xin-Yi in China. The herbal drug has been used for managing nasal conjestion with headache, sinusitis and allergic rhinitis. [1] [2] It has also a wide range of pharmacological effects including antirheumatic, 3 antiangiogenic, 4 antiallergic, [5] [6] [7] [8] antiinflammatory, [9] [10] and anitmicrobial activities.
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Essential oil components of mono-and sesquiterpenes, and many lignans are the pharmacologically active ingredients of mognolia drugs. [12] [13] [14] [15] As major volatile components, bornyl acetate, eucarlyptol (1, 8-cineol) , α-pinene, and eudesmol showed anti-inflammatory effects. Other components, such as camphor, cymene, linalool, limonene, myrcene, α-pinene, β-pinene, terpinene, nerolidol and citral may contribute to the antimicrobial actions of M. flos.
The four species, M. biondii, M. denudata, M. kobus, and M. liliflora, are the well-known herbs in Korea, but others, such as M. sprengeri and M. sargentiana in China and M. salicifolia in Japan, are also treated as M. flos or substitutes in the respective countries. Therefore, they could be misused especially when these are traded among the countries. Because the remedy and prescription should be different depending on plant species, accurate identification of the species origin is essential to assure the quality of drug in clinical applications. No reports are available for the chemical discrimination of M. flos as the herbal drug to date.
We established a GC/MS pattern recognition method based on the volatile components extracted using a simultaneous distillation and extraction (SDE), which is a popular method in analysis of essential oils. 16 The 20 reference specimens identified were used. The 9 drugs (U-1 ~ U-9) were purchased from oriental herbal stores in Korea, and 7 samples (U-10 ~ U-16) were obtained from Daegu Catholic University, and dried under air prior to analysis. (Table 1) Chemicals. All standard of essential oils were provided by Seoul Perfumery Co. LTD (Seoul, Korea). The HPLC-grade diethyl ether was purchased from J. T. Baker Co. (Phillipsburg, USA) and distillated. All other solvents employed were of Method validation. To check the reproducibility, three QC samples (D-7, U-4 and U-8) were analyzed repeatedly three times per sample on three separate days (n = 9). Variance in the retention times for all peaks of interests was within RSD 2%. The variance in percent peak area was less than RSD 30% for high-intensity peaks but was slightly higher than RSD 50% for low-intensity peaks, which might be unavoidable for analysis of crude plant materials after SDE extraction on separate days.
Statistical analysis. Thirteen peaks according to Fisher criterion were selected as components for data analysis. Multivariate statistical analysis, HCA, PCA and DA, were performed using the statistical package, SPSS (version 12.0, SPSS Inc., Chicago, USA). The HCA was performed by Ward's method using squared Euclidian distance as a measure of similarity. For PCA analysis, the eigenvalues of > 1.0 obtained by Kaiser and the cumulative proportion of eigenvalues of ≥ 80% were considered sufficiently conspicuous for interpretation. The DA was performed to develop a classification model from the model subsequently validated.
Results and Discussion
Volatile components from Magnoliae flos. Figure 1 shows GC/MS chromatograms of the four M. flos (M. biondii, M. denudata, M. kobus and M. liliflora). The chromatographic profiles were obviously different from each other's chromatogram depending on the plant origins. Although we identified total 157 inherent peaks from the 36 M. flos samples tested, the 83 components were included of trace (their relative intensity ≤ 0.05%) in M. flos samples or were detected in some few of the same species. Therefore, we selected only the 74 components that comprise more than 0.05% or have characteristics for the species. 19 on the essential oil components from the three kinds of magnolia species (M. biondii, M. denudata and M. sprengeri) that the main components were found to be eucarlyptol (1, 8-cineole) , sabinene, β-pinene, α-pinene, trans-caryophyllene.
In the present study, some components were present with remarkably large content from one or two species, i.e., farnesol (74) 
Principal component analysis (PCA).
Of the 74 components represented in Table 2 , some components showed large difference of the content within the same species because of the place of origin, harvest time, dryness condition, etc. Therefore, the components for statistical analysis were selected by Fisher method, 20 a coefficient based on the between-and within-group variations. The higher the value of Fisher coefficient is the better variable. The 13 components, which are equal to the number of the principal factors, were determined by the PCA of the 74 components. The Fisher coefficients for the selected 13 components were as follows: 139.8 (myrcene); 96.6 (d-limonene); 39.7 (β-eudesmol); 39.4 (δ-3-carene); 37.1 (β-caryophyllene); 24.6 (terpinolene); 19.5 (γ-terpinene); 16.7 (p-cymene); 11.6 (eucalyptol); 11.3 (farnesol); 9.7 (transsabinene hydrate); 3.3 (linalool); 2.6 (α-terpineol). Prior to the PCA analysis, the suitability of the data for factor analysis was checked. The Kaiser-Meyer-Olkin measure of sampling adequacy was 0.61 exceeding the recommended value (0.6) 21 , that means the matrix is appropriate for PCA. The four principal components with eigenvalues exceeding one were extracted according to the Kaiser criterion, which explains up to 81.7% of the total variance. The 1 st -4 th principal components were responsible for 39.8%, 19.1%, 13.5% and 9.4% of the entire information, respectively. The first factor was mainly influenced by the components with the factor loadings > 0.5 were δ-3-carene, d-limonene, eucalyptol, γ-terpinene, p-cymene, terpinolene, trans-sabinene hydrate, β-caryophyllene, α-terpineol. The second factor was closely related to myrcene, β-eudesmol, farnesol. Likewise, the third factor is related to terpinolene, β-caryophyllene, and the fourth factor is related to linalool.
The score plot of the first three principal components (Figure 2) showed the clear differentiation of the species. From the scatter points, the samples could be classified into four groups, which were marked as group I-IV according to the species: M. biondii (Group I); M. denudata (Group II); M. kobus (Group III) and M. liliflora (Group IV). M. denudata var. purpurascens (P) was clustered into group IV, while M. salicifolia (S) and M. liliflora var. gracilis (G) were not clustered into any of the four groups. From the score values on the principal components for each species, it can be interpreted that the contents of δ-3-carene (6), d-limonene (11), γ-terpinene (14) , p-cymene (16), β-caryophyllene (35) on the first PC loadings are higher for M. kobus than the other species, while eucalyptol (12), trans-sabinene hydrate (23), α-terpineol (45) are lower. From the second PC loadings, myrcene (7) showed the highest contents for M. liliflora among the four species, and the content of farnesol (74) is highest for M. biondii. From the third PC loadings, terpinelone (17) showed the higher content both for M. salicifolia (S) and M. liliflora var. gracilis (G) than the other species. From the fourth PC loading, linalool (29) showed higher content for M. biondii than the other species. Hierarchical cluster analysis (HCA). The dataset for HCA was consisted of the 13 selected components and relative peak area for a total of the 36 magnolia samples. Dendrogram obtained from HCA was shown in Figure 3 . The 36 samples were grouped into the predicted four clusters (I-IV): M. biondii (group I); M. denudata (group II); M. kobus (group III) and M. liliflora (group IV). The three species with each one specimen, M. saliciflora (S) and M. liliflora var. gracillis (G) were grouped into group III, while M. denudata var. purpurascens (P) was classified into to the group IV.
Discriminant analysis (DA). DA was performed to develop a discrimination model of the 4 groups classified by the PCA using the relative peak area of the 13 selected components as input data. The four groups of the 33 samples determined by PCA are in the predicted groups. The three specimens (only one sample per species), M. denudata var. purpurascens (P), M. salicifolia (S) and M. liliflora var. gracilis (G), were not included in DA. Feature selection was performed by stepwise DA using a Wilk's Lambda selection criterion. The 8 featured components, δ-3-carene (6), myrcene (7), d-limonen (11), eucalyptol (12), γ-terpinene (14), terpinolene (17), β-eudesmol (71), farnesol (74), were selected as the most important variables for differentiating the 4 groups of samples. All samples in the predicted groups by PCA were correctly classified (100%). To determine the predictive ability of the resulting model, 23 samples (training set consisting of 8 M. biondii, 9 M. denudata, 3 M. kobus, 3 M. liliflora) were selected at random to construct a DA model that could then be used to predict the group of remaining 10 samples (U-7 ~ U-16, test set). A 100% correct classification was also obtained when the validation procedure was used. Figure 4 shows the 33 samples on the plane defined by the two discriminant functions obtained, and test set was represented as asterisks. The 10 test samples were classified in M. biondii (U-7 ~ U-9), M. denudata (U-11~U-16), and M. liliflora (U-10). The assignment of the 10 samples of test set permits to estimate the good possibilities of our procedure.
Conclusion
A GC/MS pattern recognition method based on the data of essential oil components successfully characterized the herbal drugs according to the four classes of plant origins. The method was able to facilitate discrimination of the fingerprint patterns from different M. flos samples. The 33 samples were classified into 4 groups by PCA and all group members determined by PCA were in the predicted group that 100% of all samples correctly classified by DA. This fingerprint pattern recognition would provide a practical strategy for assessing the authenticity or quality of the well-known herbal drug, M. flos. 
